coronary sinus has established itself as a highly effective and safe alternative to surgery in patients with symptomatic Wolff-Parkinson-White syndrome. Success with this technique, however, often requires precise pathway localization and good tissue-catheter contact, which can be time consuming and has the potential to expose both operators and patients to long fluoroscopy times.
Despite the impressive results with the radiofrequency-ventricular approach for left-sided accessory pathway ablation, energy delivery via the coronary sinus may still be clinically useful if a safe and effective technique can be identified. Nd:YAG laser radiation is an appealing energy source for ablation of left-sided pathways from the coronary sinus because of the following considerations: 1) tissue coagulation is achieved by direct absorption of laser light by chromophores in the tissue, so the depth of damage is dependent on the optical properties of the constituents in the atrioventricular groove in addition to heat conduction; 2) theoretically, more energy will be deposited at the desired location due to relatively less absorption of radiation by adipose tissue (representing the bulk of tissue in the atrioventricular groove); and 3) laser light can be delivered via FIGURE 1. The 5-mm-diameter, gold-coated laser balloon catheter prototype used in the study. Note the optical fiber wrapped around the catheter central shaft.
balloon catheters that emit a cylindrical pattern of radiation, resulting in thermal coagulation of a significant area of the atrioventricular groove and thereby enhancing the chances of successful ablation.
We recently reported our observations of the acute effects of percutaneous transcatheter laser balloon ablation from the coronary sinus.'4 The present study was undertaken to investigate the chronic effects of this procedure in a group of 20 dogs followed for as long as 11 weeks.
Methods

Laser Balloon Catheter
The laser balloon catheter used in this study is a modified angioplasty catheter'5 that has an optical fiber terminating in a 2-cm-long diffusing tip wrapped around the shaft in the center of the balloon ( Figure 1 ). This cylindrical diffusing tip is capable of delivering diffuse continuous-wave Nd:YAG laser radiation (0.06 gim), which is relatively uniform both axially and circumferentially ( Figure 2 Once the baseline angiograms were obtained, the laser balloon catheter was introduced in the coronary sinus via the guiding catheter as follows. Under fluoroscopic guidance, a 0.014-in. flexible wire was advanced in the coronary sinus up to the point where the great cardiac vein becomes anterior. The laser balloon catheter was advanced over the wire to within r1 cm of the wire tip.
During active flushing with normal saline via the guiding catheter (to dilute highly absorbent deoxygenated blood), the 5-mm balloon was inflated to 4 atm with the D20 metrizamide mixture. Once the balloon was inflated, flushing via the guiding catheter was stopped, and laser exposure was initiated. During lasing, flushing via the central lumen of the catheter was performed to prevent thermal bonding of the guide wire to the central shaft. To assess the effects of balloon inflation alone on the wall of the coronary sinus, five dogs underwent a sham procedure that consisted of balloon inflation (4 atm) for a period of 60 seconds but without laser exposure. This procedure was repeated twice in three of the five animals ( Table 1) .
Follow-up
After the procedure, all dogs received 125 mg/day aspirin for the entire follow-up period. Before death, all 15 dogs again underwent coronary sinus and coronary artery angiography and left ventriculography. The animals were killed with 20 mg/kg pentobarbital and potassium chloride. The chest was opened, the pericardial space was inspected carefully for the presence of fluid or blood, and the heart was excised.
Histopathology
After macroscopic inspection of the posterior atrioventricular groove and surrounding tissues, the heart was fixed in 10% formalin. Sections 5 mm wide, oriented in a craniocaudal direction (perpendicular to the atrioventricular groove) were obtained, including the atrial wall, all structures in the atrioventricular groove, and the summit of the left ventricular posterior wall starting from the coronary sinus ostium to the most distal aspect of the posterior atrioventricular groove. The sections were embedded in paraffin and stained with hematoxylin-eosin and/or Masson's trichrome. The resulting lesion was described based on the following parameters. Length was measured as the number of sections in Coronary sinus angiograms immediately after the procedure failed to show any evidence of narrowing or perforation. Coronary artery angiograms as well as left ventriculograms were also unchanged compared with those obtained before the procedure.
The animals were followed for a mean of 5±2 weeks (range, 4-11 weeks). No complications or unexpected deaths were documented. As shown in Table 1 , coronary sinus angiograms before death showed 40-100% coronary sinus luminal narrowing in six of the 15 ablation protocol dogs and in 70% and 100%, respectively, in two of the five controls ( Figure 3 ). There always was total reconstitution of the coronary sinus proximal to the narrowed or obstructed area via multiple collaterals. There was no correlation between the presence or degree of the narrowing and the lesion size in the irradiated dogs (Table 1 ). There also was no correlation between animal weight, number of inflations, or follow-up time and the presence of coronary sinus narrowing in either the irradiated or the control dogs. Coronary artery angiograms revealed no luminal pathology, and in no case was there any evidence of mitral regurgitation.
Macroscopic and Microscopic Findings
No evidence of pericardial fluid or blood in the pericardial space was found in any of the 20 dogs. Small punctate hemorrhagic petechiae were present in the epicardial aspect of the atrioventricular groove at the site of balloon inflation in both irradiated and control dogs. After opening the left atrium, the endocardial aspect of the atrioventricular groove and the posterior leaflet of the mitral valve were visualized. White discoloration, sometimes associated with old, spotty hemorrhagic lesions, was present in the endocardial atrial surface in most of the irradiated dogs but not in the control dogs. In all cases, the mitral valve leaflet appeared morphologically normal. Fat necrosis with associated chronic inflammation and scarring was evident in this adipose tissue, and cellular, vascular scar tissue extended variably from the atrial myocardium to the epicardium and into the summit of the left ventricle (Figure 4) . The mean lesion length was 16 mm (range, 10-20 mm). The mean lesion width was 7 mm (range, 3.5-10 mm), and the mean depth 5 mm (range, 2-6.5 mm). In several animals from both the irradiated and the control group, the distal coronary sinus was occluded to some degree by thrombus in various states of organization ( Figures SA and SB) . In both groups, even when the coronary sinus was widely patent, there was patchy internal fibrous thickening and focal scarring of the wall that was confluent with the scarring in the adipose tissue of the atrioventricular groove. The coronary arteries were invariably patent in all animals. A common finding in both groups (presumably related to the age of the animals) was focal fraying and splitting or reduplication of the internal elastic lamina. The coronary artery of a single dog (dog 15) had a focal inflammatory cellular infiltrate in the wall beneath an apparently intact endothelium. The mitral valve was found to be histologically unremarkable in animals of both groups.
Discussion
The present study demonstrates the lesion-generating capability and absence of adverse physiological effects of percutaneous laser balloon ablation from the coronary sinus in a canine model. We found that laser balloon ablation resulted in significant coagulation necrosis in the atrioventricular groove that involved the atrial wall adjacent to the coronary sinus, most of the fat Predictions regarding the relation between lesion size parameters and total energy delivered, however, cannot be made based on our study because we concentrated our efforts in defining the effects and safety of a narrow range of doses. Importantly, we observed that the circumflex coronary artery and the mitral valve apparatus were remarkably spared. The coronary arterial wall is probably protected from injury because of the rapid blood flow that acts as a "heat sink''18'19 by cooling the arterial wall transmurally. In the case of the mitral valve and annulus, the optically reflective nature of the tissue20 and possibly the constant leaflet motion within the blood pool minimize the possibility of thermal injury.
In contrast, the coronary sinus exhibited luminal narrowing in six of the 15 irradiated dogs and in two of the five controls. This suggests that mechanical injury caused by balloon inflation, independent of the thermal damage, was the main contributing factor for the luminal strictures. These narrowings were the result of organized thrombus attached to the coronary sinus wall, with advanced degrees of recanalization in some cases. We can only speculate as to the chain of events that ultimately resulted in coronary sinus thrombosis, but it is reasonable to assume that the mechanical damage caused by balloon inflation resulted in endothelial denudation and some degree of medial disruption that, in turn, triggered platelet aggregation and activation with the formation of mural thrombosis.2' In a few cases, this small mural thrombus evolved into significant coronary sinus thrombosis, resulting in varying degrees of coronary sinus occlusion. The number of dogs as well as the narrow range of laser doses studied were insufficient to evaluate the role of laser-induced injury alone in this process. It must be stressed, however, that the clinical effects of coronary sinus thrombosis, when it develops gradually, are, if any, minimal.22 Although this represents an adverse anatomic effect of the procedure, the apparent lack of clinical significance will have to be considered against the potential ability of percutaneous laser balloon ablation to achieve a rapid ablation of left-sided accessory pathways. As with all new invasive techniques, longer follow-up periods will be necessary to establish the complete safety of the procedure. with radiofrequency) . Also, the use of laser balloon catheters to coagulate tissue over a length of 1-1.5 cm will theoretically eliminate the importance of extremely precise pathway-catheter contact. Except for the possible occurrence of coronary sinus thrombosis in a distal location, which is unlikely to be clinically significant, the procedure appears to be safe based on our chronic canine studies. Percutaneous laser balloon ablation of left-sided accessory pathways merits further investigation as a complementary approach to the radiofrequency technique. Because of the complexity of the equipment involved, the laser catheter approach -if clinically validatedmight be most meaningfully used in patients who fail conventional ablation procedures.
